Abstract Origanum majorana L. commonly known as sweet marjoram has been used for variety of diseases in traditional and folklore medicines, including gastrointestinal, ocular, nasopharyngeal, respiratory, cardiac, rheumatologic, and neurological disorders. Essential oil containing monoterpene hydrocarbons and oxygenated monoterpenes as well as phenolic compounds are chemical constituents isolated and detected in O majorana. Wide range of pharmacological activities including antioxidant, hepatoprotective, cardioprotective, anti-platelet, gastroprotective, antibacterial and antifungal, antiprotozoal, antiatherosclerosis, antiinflammatory, antimetastatic, antitumor, antiulcer, and anticholinesterase inhibitory activities have been reported from this plant in modern medicine. This article summarizes comprehensive information concerning traditional uses, phytochemistry, and pharmacological activities of sweet marjoram.
This plant is widely used as a garnish and is used for different medicinal purposes in traditional and folklore medicine of different countries. Various compounds have been identified in sweet marjoram. Also, different pharmacological activities have been attributed to this plant. The present review summarizes comprehensive information concerning traditional uses, phytochemistry, and pharmacological activities of sweet marjoram. For this purpose, databases, including PubMed, Google Scholar, and Scopus were searched for studies focusing on the ethnomedicinal use, phytochemical compounds and pharmacological activities of sweet marjoram. Data were collected from 1980 to 2015 (up to July). The search terms were ''sweet marjoram'' or ''Origanum majorana.''
Ethnomedicinal Uses
Ethnomedicinal uses of sweet marjoram in different countries are shown in Table 1 . The parts of sweet marjoram that are used in folklore medicine are dried leaves, leaves extract, and essential oil. Origanum majorana leaves have been claimed to have antimicrobial and emmenagogue properties and be useful for treatment of respiratory and gastrointestinal problems. 1, 4, 5 It has been used in Morocco as an antihypertensive plant. 8 The essential oil of the plant has been used for pains, gastrointestinal problems, and respiratory tract disorders. 6, [8] [9] [10] [11] Phytochemical Constituents Table 2 shows the structure and phytochemical category of compounds isolated from different parts of sweet marjoram.
Essential Oil
Monoterpene hydrocarbons, including a and b-pinene, camphene, sabinene, a-and b-phellandrene, r-cymene, limonene, b-ocimene, g-terpinene, terpinolene, a-terpinene, carvone, and citronellol have been detected in essential oil of O majorana.
2,13,14 Terpinene 4-ol and cis-sabinene hydrate are 2 main 
Phenolic Compounds
Vanillic acid, gallic acid, ferulic acid, caffeic acid, syringic acid, p-and m-Hydroxybenzoic acid, coumaric acid, neochlorogenic acid, protocatechuic acid, chlorogenic acid, cryptochlorogenic acid, caftaric acid are phenolic acids that have been detected in hydroalcoholic extract of leaves of sweet marjoram. 21 Rosmarinic acid, sinapic acid, vanillic acid, ferulic acid, caffeic acid, syringic acid, p-and m-hydroxybenzoic acid, and coumarinic acid have been identified in essential oil of sweet marjoram. 1, 22 Arbutin, methyl arbutin, vitexin, and orientinthymonin have been reported to be the most predominant phenolic glycosides in essential oil of sweet marjoram. 10 Hesperetin, catechin, quercetin, kaempferol, naringenine, eriodictyol, diosmetin, luteolin, and apigenin are the most abundant flavonoids detected in sweet marjoram 10, 21 and kaempferol-3-O-glucoside, quercetin-3-O-glucoside, narigenin-O-hexoside, and rutin are flavonoid glycosides identified in sweet marjoram. 21, 26, 27 Pharmacological Activities Table 3 shows pharmacological properties of O majorana in detail.
Antioxidant Activity
Water extract, essential oil, and ethyl acetate extract of aerial part of O majorana show significant antioxidant activity. 8, 16, 17, 22, 29 Antioxidant properties were also reported from other extracts of sweet marjoram, including ethanolic, n-hexane, and hydroalcoholic extracta. 20 Phenolic compounds such as hydroxycinnamic acid and flavonoids, ursolic acid, carnosic acid, carnosol, rosmarinic acid, and caffeic acid are responsible for antioxidant activity. 20, 22, 30, 31 Antimicrobial Activity Dried whole plant and its essential oil and water extract of leaves have demonstrated antimicrobial effect and essential oil was more active against lactic acid bacteria and yeasts than water extract. 18 Essential oil showed inhibitory activity against various pathogenic bacteria and fungi, including Beneckea natriegens, Erwinia carotovera, Moraxella, Aspergillus, Staphylococcus aureus, Streptococcus pyogenes, Bacillus cereus, B subtilis, Pseudomonas aeruginosa, Salmonella poona, Escherichia coli, and dermatophytes. 15, 17, 19, 32 Methanol extract of sweet marjoram exhibited antimicrobial activity against E, Aspergillus niger, Fusarium solani, and Bacillus subtilis. 33, 34 The ethanolic ammonia extract reduced the number of viable Pentatrichomonas hominis trophozoites. 26 cis-Sabinene hydrate in essential oil of sweet marjoram have been claimed to be responsible for antibacterial effect. 15 
Anti-inflammatory Activity
Sabinene hydrate and terpineol in essential oil of sweet marjoram suppressed the production of Tumor necrosis factor-a (TNFa), interleukin 1b (IL-1b), IL-6, and IL-10 inhibited cyclooxygenase 2 (COX2) and NFkB gene expression. 35 
Anticancer and Antiproliferative Properties
Ethanol extract of plant have shown significant cytotoxicity against fibrosarcoma cancer cell line, promoting cell cycle arrest and apoptosis of the metastatic breast cell and inhibited the migration and invasion of the MDA-MB-231 cells. 36, 38 Ethyl acetate extract have strong antiproliferative activities against C6 and HeLa cells. Hesperetin and hydroquinone isolated from sweet marjoram extract have revealed strong antiproliferative activity. 8 
Antiplatelet Activity
Methanol extract of sweet marjoram leaves inhibit adhesion of platelet to laminin-coated plate 12 and strongly inhibited platelet aggregation induced by adenosine diphosphate (ADP), arachidonic acid, and thrombin. Arbutin is responsible for this activity. 39 
Antiulcerogenetic Effect
Ethanol extract of sweet marjoram significantly decreased the incidence of ulcers, basal gastric secretion, and acid output and replenished the depleted gastric wall mucus. 27 
Cardioprotective and Hepatoprotective Activity
Leave powder and extract significantly alleviated erythrocytosis, granulocytosis, thrombocytosis, increase heart weight, and myocardial infarction oxidative stress in isoproterenol treated albino rats. 41 Essential oil of sweet marjoram depleted serum marker enzymes and replenished antioxidant status in hepatic of rat. 10 
Anticholinesterase Inhibitory Activity
Essential oil and ethanol extract of sweet marjoram have exhibited anticholinesterase inhibitory activity. 16 Ursolic acid is responsible for this effect. 42 
Regulation of Menstrual Cycle
Sweet marjoram tea significantly reduced dehydroepiandrosterone-S (DHEA-S) and was useful in treatment of polycystic ovary syndrome. 43 
Toxicity
Acute toxicity test has demonstrated a large margin of safety of O majorana extract in mice. Emmenagogue properties of sweet marjoram should be concerned during pregnancy. 11 Its essential oil must not be used by lactating and pregnant women. 44 
Conclusion
Sweet marjoram is a medicinal plant with various proven pharmacological properties, including antioxidant, antibacterial, hepatoprotective, cardioprotective, antiulcer, anticoagulant, anti-inflammatory, antiproliferative, and antifungal activities. # DHEA-S and fasting insulin levels -Abbreviations: ABTS: 2, 2 0 -azino-bis (3-ethylbenzothiazoline-6-sulfonic acid); ADP, adenosine diphosphate; CAT, catalase; COX, cyclooxygenase; DHEA-S, dehydroepiandrosterone-sulfate; DPPH, 1,1-diphenyl-2-picryl-hydrazyl; DW, dry weight; EC, effective concentration; FSH, follicle-stimulating hormone; GSH, glutathione S-transferase; IC, inhibitory concentration; IL, interleukin; LDH, lactate dehydrogenase; LH, luteinizing hormone; MIC, minimum inhibitory concentration; MMP, matrix metalloproteinase; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; ND, not determined; NO, nitric oxide; PCOS, polycystic ovary syndrome; SOD, superoxide dismutase; TE, trolox equivalent; TNF, tumor necrosis factor.
The flowering stems are the medicinal parts. Their constituents include 1% to 2% of an essential oil with a containing terpinenes and terpinols, plus tannins, bitter compounds, carotenes, and vitamin C. These substances give sweet marjoram stomachic, carminative, antispasmodic, and weak sedative properties.
In herbalism, it is used mainly for various gastrointestinal disorders and to aid digestion. Novel investigations showed increase in acid and pepsin secretions by this plant. Also sweet marjoram showed antiulcer activity and mucus protecting effects in gastrointestinal tract. Ethnomedicinal use of O majorana on vaginitis and polycystic ovarian disease can be related to restoration of hormonal balance and reduction of DHEA-S by this plant. Efficacious uses of O majorana in cardiac disease and dysrhythmia were proved which may be related to its antiplatelet and cardioprotective activities through inhibition of production of nitric oxide and lipid peroxidation in heart tissues. Useful effect on head cool, sniffle, ear pain, and respiratory disorders may be related to its antimicrobial effect. Monoterpene hydrocarbons (such as a-pinene, b-pinene, camphene, and g-terpinene), oxygenated monoterpenes particularly terpinene-4-ol, cis-sabinene hydrate and terpineol, phenolic compounds particularly flavonoids (such as apigenin, hesperetin, quercetin, kaempferol), and phenolic glycosides (such as arbutin) are the active components isolated and detected in O majorana. Figure 1 shows the structure of some main active compounds. Various bioactive compounds have been isolated and identified in O majorana, whereas many active compounds responsible for ethnomedicinal uses or proved pharmacological activities have not been completely evaluated. Therefore, new investigations are proposed to isolate, identify and obtain the O majorana active compounds in order to explore novel natural component for rectifying the stalemate on the way of modern medicine.
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